The Hall coefficient: a tool for characterizing graphene field effect transistors by Wehrfritz, Peter & Seyller, Thomas
This is an author-created, un-copyedited version of an article accepted for publication in 2D Materials. The 
publisher is not responsible for any errors or omissions in this version of the manuscript or any version 
derived from it. The Version of Record is available online at http://dx.doi.org/10.1088/2053-1583/1/3/035004. 
 
The Hall coefficient: a tool for characterizing graphene field effect transistors 
Peter Wehrfritz and Thomas Seyller  
2 D Materials 1 (2014) 035004 
 
 
 	

 	


	
 


 
 !"#"$"%&$'()*!#+,-./) #!/).0 #1.'!#"&2"3).4 #"5,6.#/). )2# .'7"'89:,:;<=>
3).4 #"5,?.'42 *
@A42#BCDEFGHIJIKLMMKNOPELIQRJDSTUEKGVQDWJXK
7$Y4#"".Z"[C\]^_`abc
defghijgk
?'2l). .m.BZ.n./""'2 !#!"['!o?p@-!q2'./[ !#Z.'.Z2!2/2 Z#Z2".%['
%$"$'.)#r)A%'.s$. /*2llB#/2"#[ !8p['").#''.2B#52"#[ ,").[l"#42B/[4Y# 2"#[ [%
!$Y!"'2".,r'2l). .l'.l2'2"#[ ,2 Z# !$B2"['Z.l[!#"#[ 2 Z/[4l[!#"#[ #!'.s$#'.Z8
-)#![l"#4#52"#[ 4$!"Y.Y2!.Z[ 2 # AZ.l")/)2'2/".'#52"#[ [%").[Y"2# .Z
r'2l). .# !$B2"['4."2Bo?tq!"2/+8 u2B.n./"4.2!$'.4. "!2'.%'.s$. "B*
.4lB[*.Z"[!"$Z*!$/)!*!".4!,").'.Y*%[/$!!# rl'#42'#B*[ ")./)2'r./2''#.'
4[Y#B#"*8 ")#!v['+v.!)[v)[v2 2 2B*!#![%").!).."u2B/[.w/#. "/2 '.1.2B
%$'").'#4l['"2 "l'[l.'"#.![%").?t!"2/+,B#+.,.8r8,").# ".'%2/."'2lZ. !#"*2 Z
").!l2/#2B/)2'r.# )[4[r. .#"*8-[")2". Z,v.l'[1#Z.2 .x". !#1.Z.!/'#l"#[ 
[%").?tZ#[Z.,v)#/)B.2Z!"[2 2//$'2"./2B/$B2"#[ [%").!).."u2B/[.w/#. "
Z.l. Z. "[ ".4l.'2"$'.2 Zr2".1[B"2r.8-).r2".Z.l. Z. "# 1.'!.!).."u2B
/[.w/#. "#!Z#!/$!!.Z# Z."2#BY.%['.v.# "'[Z$/.")./[ /.l"[%2 .s$#12B. "
".4l.'2"$'.,v)#/)#!24.2!$'.[%").!l2/#2B/)2'r.# )[4[r. .#"*8 ['Z.'"[
".!"")./[ /.l",v.2llB*#""[.12B$2".2B'.2Z*4.2!$'.Zu2BZ2"2"2+. %'[4").
B#".'2"$'.8-)#!.12B$2"#[ 2B[v!$!"[Z.".'4# .").y'$Z.4[Y#B#"*,.1. 2"").
/)2'r. .$"'2B#"*l[# ",v)#/)#!# 2//.!!#YB.v#")2!#4lB.[ .Y2 Zu2B4[Y#B#"*
2 2B*!#!,2 Z"[!).ZB#r)"[ ").!l2/#2B/)2'r.# )[4[r. .#"*8-).%['42B#!4#!
.2!#B*2Z2l"2YB.2 Zl'[1#Z.!.xl.'#4. "2B#!"!2l[v.'%$B"[[B%['")./)2'2/".'#52"#[ 
[%").#'r'2l). .m.BZ.n./"Z.1#/.!8
 	
 	


	 

 !"#$ 
%&'()*+),'-*&./-0*1)2&3&-)4&3567')8&'()9&*,*)4)1('01:)49);)1(0*
,(&<01,4+(=0*1,'>&*4,+)'-/?',8=)*)0-1&*-09)')9,*&@(-(,*90*?*).<,()'0,4A&'
A@(@'))4)1('&*019)301)-BC.0*?(&(=),>-)*1)&A,*)4)1('&*01>,*9?,8/0(0-(&9,+
14),'(=,(?',8=)*)0-*&(,-)'0&@-1&<8)(0(&'A&'-0401&*0*4&?01,410'1@0(-57/,(4),-(
.0(=(=)1&*3)*(0&*,4=&'0D&*(,49)301)9)-0?*BC*(=)&(=)'=,*9/?',8=)*)=,->))*
9)<&*-(',()9(&>),')<,'E,>4)'03,45F/G/H/I7A&',*,4&?J%10'1@0(-BK=)1&')&A
-@1=10'1@0(-0-A&'<)9>+?',8=)*):)49);)1((',*-0-(&'-LM%NK-O/.=&-)8)'A&'<,*1)
0-.)49)-1'0>)9>+(=)?',8=)*)0*-@4,(&'<)(,4LMPQO90&9),-90-1@--)9>)4&.BP*
<,*+1,-)-/)-8)10,4+A&'(=)A')R@)*(4+)<84&+)9FSS*<(=01E-0401&*90&T09)0*-@4,(&'
4,+)'/(=)MPQ90&9)0-('),()9,-,*&'90*,'+<)(,484,()1,8,10(&'BK=0-,88'&T0<,(0&*
0-8'&8)'U0*(=),>-)*1)&A0*()'A,1)(',8-UA&'(=01E0*-@4,(0*?4,+)'-/,-.).04
9)<&*-(',()4,()'BV&.)3)'/A&'(=0*90)4)1('01-&'0*(=)8')-)*1)-&A0*()'A,1)(',8-
(=0-,88'&,1=>)1&<)-0*,9)R@,()B
%&''),4,88401,(0&*-/9)301)-.0(=,-<,4?,()3&4(,?),*9/(=)')A&')/4,'?)?,()
1,8,10(,*1),')')R@0')9BV)')(=)84,()1,8,10(&',88'&T0<,(0&*A,04->)1,@-)&A(=)
90;)')*(0,41,8,10(,*1)&A(=)?',8=)*)1=,**)4/.=01=0-,4-&E*&.*,-R@,*(@<
1,8,10(,*1)LWXOBK=)*,<)WX0-0*=)'0()9A'&< (=)90;)')*(0,41,8,10(,*1)&A
(',90(0&*,4Y)4)1('&*?,-)-LYNMOBZ*40E)A&'YNM-/(=)WX&A?',8=)*)0-*&(
,1&*-(,*(&'R@,*(0D)90*,*+.,+BP(0-)3)*9)8)*9)*(&*(=)()<8)',(@')B[4(=&@?=
(=)*,<)WX0-8)'=,8-<0-4),90*?/.)@-)0(=)*1)A&'(=BK=)8&()*(0,49)8)*9)*1)
&A(=)WX<,E)-0(<&')90\1@4((&:*9,*)T8')--0&*(=,(')4,()-(=),8840)9?,()
3&4(,?)(&(=),1(@,4%)'<04)3)48&-0(0&*B
K=)'),4'),9+)T0-(--&<)(=)&')(01,4@*9)'-(,*90*?&A90;)')*(,-8)1(-&AM%NK
9)301)-BK=)<,0*9)-1'08(0&*&A(=)MPQ90&9)1,*>)>&''&.)9A'&<(=)(=)&'+&A
<)(,40*-@4,(&'-)<01&*9@1(&'90&9)-LQP]O5^/_7BK=)WX.,-9)'03)9>+%,*?5`7
,*9(=)()<8)',(@')9)8)*9)*(1=,'?)1,''0)'1&*1)*(',(0&*.,-)T84,0*)9>+J0-()0*
56S7BX=,'?)0*=&<&?)*)0(0)-/,4-&E*&.*,-1=,'?)8@994)-/=,3)>))*1&*-09)')9
>+a=@5667,*90*()'A,1)(',8-.)')90-1@--)90*,9)(,04)91&*1)8(>+K,E,-)
567B%0*,4+/(=)*&*40*),'bcd1=,',1()'0-(01-,*9(=)1@'')*(-,(@',(0&*c40E)
>)=,30&'56F7.,-)T84,0*)9>+K=0)4)56G7,*9X=,<84,0*56H7BC*(=)&(=)'
=,*9/V,4);)1(<),-@')<)*(-,')A')R@)*(4+1,''0)9&@(,-,<),*-&A1=,',1()'0D0*?
?',8=)*):)49);)1(9)301)-BV)*1)/0(0-.&'(=-(@9+0*?=&.(=)1&<>0*,(0&*&A(=)
,>&3)<)*(0&*)9);)1(-0*e@)*1)-(=)V,4-=))(')-0-(,*1)&A(=)-)9)301)-BK=0-0-(=)
(&801&A(=)8')-)*(.&'EB
K=)8,8)'0-&'?,*0D)9,-A&4&.-B%0'-(.)1&*-09)'(=)1=,'?)1,''0)'1&*1)*(',(0&*
0**)@(',4,*99&8)9?',8=)*)B K=)*.))T84,0*(=)A@*9,<)*(,4-&A(=)MPQ
90&9)/0*,-0<04,'<,**)',-X=,<84,0*56H7/0*&'9)'(&0*('&9@1),<)(=&9.=01=
)*,>4)-(=)1&'')4,(0&*&A-@'A,1)8&()*(0,4,*9?,()3&4(,?)B 2)T(/.)8')-)*(,
9)(,04)990-1@--0&*,*9)T84,*,(0&*&A(=)<,0*A),(@')-&A(=)?,()9)8)*9)*(L0*3)'-)O
-=))(V,41&)\10)*(,*9=&.0(0-0*e@)*1)9>+()<8)',(@')/R@,*(@<1,8,10(,*1)
 	
 	


	 

 !" #$%&'$"()**+ (,"'"("#(!-,.+
/# , 0*'"'$/$, (!'."'(/(12%3+20**+/(+'
(!",+2/$, ."$$",$$'"("#%
456789:;<899=;9<>?<;?@98@=>?
A'B$ ,", (!1 #'$+ '/#(  1 'C "#(DEFG
' $,+1$2(!$$$+$(+ DEHG
IJKLM
N
OP
Q
R
Q
S
TKUK
V
TMWTKUK
V
T JEL
*''3 /.+("2R
S
0'# (#( (+2"($WMEXEYZE[
\]
"/
Q^
J_L
Q^
DEY0
E[G0K
V
' 12(!'C "#(%` 2-,(JEL'+" ("(" (
a''(+"(" (b"B"+",+B2'"(.(+,((!IJKL*'
'3 /cC "$ B,(dJKL%&e1, E'$2(!$$'$2(!
("",#$$IJKLdJKL$$#+2!( c2#"' 1, +1 #'%f
/# , gM['3 /cC "$ B,(B"(/$'h.$!,"(J$
e1, EJLL%i. 2$B+(*K
S
$("",#. 2$B(.K
S
$,e+%
fe/# , $!*$$B(.K
S
 ("",#,('' /+2)"
+" ($+.1,e+$$B+(*K
S
$"B$e1, EJBL%i."' 1
, +2Je1, EJ"LL0e,/B (!' /+2)"+" ($'(+$)$$%
j($-,+20'"' 1"   "(" (kMalb($(B"(/m (!( 2
"(".B+(#1%
3( -,.$",$$(('$($(+.'1 +(. dJKLIJKL0*'"'
*$+ 2(B2n$DE[G%3( '+" ("(" (' $,+$
aM
\
Q
k
o
l
p
q
r
\
Q
WJst
u
L
Q
l
\
Q
k
o
&J
vw
x
y
z
{
L!( t
u
|[
U
\
Q
k
o
&J
vw
x
y
z
{
L!( t
u
}[
JNL
*'' $""' 1"   "(" (
k
o
M
O
Q
F
WJ~

gL
Q
0 JL
'#($.+/+"' 1s0'$, !"#(+t
u
M
\
v
JK
V
UK
S
L0'/# , 
g0'` (+m/"($~

0'1 +
&JLM
EN
O
Q


o
+JEl
^
L% JL
A'!,"(&JL'$,## +/(!+/

&JLME$, 1'!( '1'#c2#
(#1a1($(m (DE[G%A'1 +$$+2"(/#,,/ "+2J)/#+
/#+/("B!(,'$,##+/ 2!( /(L$$'(*
e1, NJL%A'!,"(&JL #+2"(. 1(E%f+ 2*'st
u
M~

g0'
.(($+/$(+2N%N%
 	
 	


	 








 !

 !"# !
$%








 !

$%






 !

$%

&'(
&)(
&*(
+,-./01234567589:;<=>5?@A;7BC;B7=9:675D<=?=?=57;<=ED94?;FG=:;HI;<=
J=784@4A;74>B;49?FC=?;=7HI5?@;<=@=?A4;K9:9CCBD4=@A;5;=AF746<;H:97?L;KD=
FM
N
OM
P
QRST=UH@9D=@675D<=?=5;F5HRE5?@F>H7998;=8D=75;B7=I5?@:97FCH
?=B;75G675D<=?=FM
N
QM
P
H5;7998;=8D=75;B7=V
WXYZ[Z\Y]^__YZ`abcYd]aZ^ [e]ZfZY]Z\Y\[gYb[dbYdZ`fZa[dbfdhYbfgbXgfZYc
iaZ\jkl
m
nopkOl
m
nqrstuv\Y]X_[eZ\Y_
wxpyjow
z
y
{
|
}k~l
m
n
|
kn
a]Z\Yb\f`Ybf` a`Y` b[dbYdZ`fZa[di\Y`Yw
z
a]Z\YZY_Y`fZX`YcYYdcYdZadZ`ad]ab
b\f`Ybf` a`Y` b[dbYdZ`fZa[dcYdYcadYXfZa[dkni\ab\fgXY]rrs
{{
b_
|
fZ
[`[_ZY_Y`fZX`Yuv\Yb\f`Ybf` a`Y`b[dbYdZ`fZa[da]fgif^]`YfZY`[`YXfgY`[u
d[Z\Y`X]YeXgZY`_a]Z\YdYZb\f`YcYd]aZ^


x~kjOpno~]dkl
m
n

{
|
}k~l
m
n
|
yw
z
k





n

u kn
dZ\Ybf]Y[e~l
m
 

Z\Yfh][gXZYdYZb\f`YcYd]aZ^

f`[fb\Y]~wudg^
fZos

a]YXfgZ[~we[`YY`^ fgXY[el
m
ub[_f`a][d[e~wfdc

f]f
eXdbZa[d[el
m
a]`Y]YdZYcadX`Ye[` [`[_ZY_Y`fZX`Yfdcosu
 ¡¢£¤¥¦§¨©
v\Y`f\YdYad]XgfZ[`_YZfgkª«nca[cYe[`_]Z\Yb[`Y[eª¬­v]uv\a]Zi[ZY`_adfg
cYabYb[d]a]Z][ef`f\YdY]\YYZf_YZfgYgYbZ`[cYfdcfdad]XgfZadgf^Y`adhYZiYYdu
dZ\Y`]Zf`[®a_fZa[daZhY\fY]ga¯Yfb[dYdZa[dfg_YZfggfZYbffbaZ[`u°^
fg^adf[gZfYhYZiYYdZ\Y_YZfgYgYbZ`[cYfdcZ\Y`f\YdYgf^Y`b\f`YiaghY
 	
 	


	 



 !!"#
$ !!"#
$%


!"#
&#
'!() ! !()
!
!(*
)
)(*
+
,
-.#
$
/
0
1







)
!
)
2
3
4
5
2
#
/#
! 2 6 7 8
!
)
9
:

9
#
;<=>?@ABCDEFGHIJKLMNOKPCQERCSETOUVDWNXOKOIYZDK[\
]
DMWOOUMHUVHWDMJWH
DK[^_ R`
abcadefdg
h
ij
k l
m
nefopgqg
rqabsfdte
ugdfs
vfw
x
y
z
x
{
x
y
x
|f}
~
u
~
n
m l k
vcw
x
y
z

}p
x
{
x
y
m l k
h
ij
h
r
v}w
;<=>?@BFGHP [NO[HCDEXLGHUDMNL[HNLHDOJMCSESDK[[NDWDUOIDK
NKNMNDVMVH[OVH[WDVGHKHDHWIOWMGHXGOWMLNWLJNMC

_ E`LDXHDK[CLENMG
DKDVVNH[VOXNMNHOMDHRCSDK[LSDXH[OKHSJMD[DVMH[MOWDVGHKHE
 ¡¢£¤¥¥¦§¡¨¡¨¦©
¨¡¨¦¨¥¨ ¡ª«¦¨¦¥¨¦¡¡¦« ¬
­®
£
¯¦¨°¥¨±²¦ª³£
¦´ ¥µ¶·³¥¨«¦¨£ ¸©¦¦¦ ¡¶ª
³¦¹·ª³  ¦ ¡¨¨£¯ ¨¦¨¢¦¦
«³©ª¥¥¨¡¦¦¥¨«³¦«
¨¡¦¦³¦ ¦¨¥¦©¦¦ª¥§¡¦¦º»¼
¦½¾¿£ ´¨«¦¨³³¦À¨¦¦¨Á³§¥¨¦
¨Â
Ã
¨³§¥¨¦ ¡¢Â
Ä
³
 ¨¦¥¨ ¦¨¡£ ¯ª¦ ¨¦¨¥¦
¨¦¦¦³¦À ¥µ¶ª·¦¦¦¢¡Å¢¡¡ ¡¢£
¯¨¶ª³¦²· ¡ ¨ ´¦«
¥¨ ¨¦£»³¡¦¦«« ¦¡¡¦©¨
¨³¦Æ³ ¡¢¶ª¤¦À ¥µ·¦¨¢¥
¨£Ç¨¢¦¦°¥¦¦ª¦¥© ¡¨¶¤·
 	
 	


	 

 !"#$%&!'()*) ++ ,+!'*'-.)/0 "()11!"! )'()2
!"(2)('" 13"(0/) ""!)'!0()21)1 04/"'5"(!0)
 ""!)'1!67
89
:"&"( !")1"(2)('" 1-;(
0" "()'!1* '")21 0 *"(!0/')"!2')5#<
=
%30 "()"
<
>?
@<
=
A7
89
- #B%
;( ""!)'1 7
89
!0 "1&!"("(0/) ""!)'*!)
7
C
@7
D
E7
89
#F%
&(7
D
1 "0"(!!"!)'1 !23 ! "("+07
D
!0"(0/) ""!)' "(
 !"-
;(4/!*)'"!/!" "(1! 1 0!0"0 "& 0!0))!" 00/'"!2!)
" ")'))!")/!"))G3&(!(+"0"( 1!"! 
H
G
@
H
G
=
A
H
G
I
#J%
&!"(G
=
#0 +"!+0)'1G
KL
%:!2"())!")/!")) "(!0/')"!2
')5)1G
I
"()" "(2)(0("3&(!(!0"(MN-O"!01P1)0QBRS
G
I
T
U
U7
89
V
I
#7
D
E7
89
%@
U
U7
C
V
W
#7
C
% #HX%
&(V
I
!0"()11!"! )'()210!"5 "(2)(')51/" "()'!12)"
* '")2-Y!"(4/)"! #% 2"0QHXR
G
I
@Z
[
\
]
_^
`
a'#HA
b
cd
e
f
g
h
%AZ7
C
i
#HH%
&(!(!0+)"(+)"!)'54/!*)'"" "( +/')1!*1:5,)2QJR-
Y!"(4/)"! #J%)1#HH%3!"!0 00!:'" )'/')""(" ")'))!")
/!")))0/"!  "(0/) ""!)'-;  +)!"&!"()"/)'+)0/+"0
 ()0" j &"(')"! 0(!:"&0/) ""!)')1"()'!1* '")23!--3
7
C
#<
>?
%-;(!0')"! 0(!&)0+)0/1:5k'*! :+! 0 5QHJR3:/"))'0 
:)'/')"1)00( &!"( ' &!2-;(0/+ "(l00()210!"5 "(
+")''" 1V
m
@EG
=
<
=
)1V
I
+/0":n 1/" ()2 0*)"! 3"(&
2"
G
=
<
=
@
o
p
q
p
e
G
I
#7%r7- #H^%
s "3"()":)/0G
I
!0 ") 0")"3&()*" !"2)" *G
I
-t "/)"'53
!0 +/:'!)"! 0Q^X3HHR"(!0!"2)"! !0 +!""1!)*  ) 1!)5 1/"
0/'"!2!)+!0+)"(:5))"  ^ QHuR-;(!"2)' G
I
!0 :*! /0'5"("
()210!"5V
W
-Y!"(4/)"! #B%)1#F%&)&!"
X@G
=
v#<
>?
A7
C
E7
D
%AV
W
#7
C
%EV
W
#7
D
%Tw#7
C
%- #Hx%
;(!0l00! 2!*0)!+'!!" "! :"&7
C
)1<
>?
-, )52!*<
>?
3!"
!0 "1!y/'"" P1"(  " w#7
C
%/+!)'5-
 	
 	


	 





 !
"#
$%&
'( ') '*  * ) (
+)
+(
+,
-
-+*
.
/0
$1&

$
-

2
,
3
4
#
2
*
&




 !
5"#
$6&
'* '-  - *

*
)
(
.
/0
$1&

$
-

2
7
3
4
#
2
*
&
89:;<=>?@ABCDECFEDGBHGIGDECDJDCKGDLCBJBMFLKGDMBDNIOPQRHKIHBDSDOFLCGKIL
IOGABDJJEKBHTIEGDUBV
WX
DGYZDLHY[[ZOIMDL\]@IO^D_Y[[L` DLH a^_bL` c
defghijfklhfmflnfoijpqjlqpofrihfsptgqfuvw
xy
zmih{n|}oefriqim|}~mp
|hnooefnlhrpjfgiof}o|pq

|njitglofkrihoef~|f}w
xy
de|n|nki}f}k|}~
oefhiioirv

z~|f}flpo|i}vz}ltfh|jpqp}nj|f}o|jghi~hptt|}~
f}|hi}tf}onifhpl|qk|}tfoeikrihnljepopn{defgphptfofhn

p}ku

phfkfofht|}fkoef|}fno|~pofknnoftdef}ln|}~oe|npqlfrih

oefoiopq
jpgpj|op}jfgfhl}|ophfp|nfpqlpofkjolpqoe|ntfoeikpqimnoefjpqjlqpo|i}ir
ioefhlp}o|o|fnpnmfqnljepnv

z

v

zv

zv

zp}ku

v

zpnrl}jo|i}ir
oefpggq|fkiqop~fw
xy
|~lhfneimnoefjpqjlqpofkoiopqjpgpj|op}jfngfhl}|ophfp
rihpkf|jfm|oepqph~ffl|pqf}ois|kfoe|j{}fnnvdzir}tp}ki}fm|oep
ntpqdir}tpoqimoftgfhpolhfvzp}khiitoftgfhpolhfdef|}|o|pqkig|}~
mpnnfooifhiv

 z¡|oep}dir}tme|je|nlnlpqlnfkrihpj{~pofk
fsriq|pofk~hpgef}f¢£££¤oefjpgpj|op}jfgfhl}|ophfp|npqtinoji}nop}op}kk|fhn
i}qnq|~eoqv¥¦§¨ zrhitu

f}poqimoftgfhpolhfoefhf|ni}qpfh}phhim
hf~|i}}fphoef}flohpq|ogi|}omefhfoefffjo|nn|~}|jp}o©}ghpjo|jfoe|n|nephk
oitfpnlhfn|}jfpqhfpkntpq|}eiti~f}f|o|fn|}oefngpo|pqkig|}~k|noh|lo|i}m|q
jp}jfqoe|nffjode|nntpq|}ªlf}jf|nfsgqp|}fkoefhfqpo|fqntpqu

jitgphfk
oioef«¬}q}fphoefjeph~f}flohpq|ooefphfiroefnptfihkfhirtp~}|olkf
¬i}nflf}oqoefrhflf}oqlnfkpgghis|tpo|i}rihoef}fojeph~fkf}n|o


­u

w
xy
vz
|nefhfhfpni}pqf|}oefjpnfirpoe|j{|}nlqpoih
k|fhf}og|jolhfftfh~fnm|oep}dir}t®fhfvnff~lhfvzzoefoiopq
jpgpj|op}jfgfhl}|ophfp|nn|~}|jp}oqqimfhfk|}pm|kfhp}~firw
xy
jitgphfkoioef
|}nlqpoihjpgpj|op}jfv£¨ pow
xy
 ¦¯ ¨ pow
xy
 £¯ zoqimoftgfhpolhf
oefoiopqjpgpj|op}jf~ifnkim}oipqtinofhipow
xy
 defpgghis|tpo|i}|}
flpo|i}vzjp}nfhfefhfi}qpnphil~efno|tpof
 	
 	


	 









 !
"

#$
%&%$
%'
(&%$
%'
)&%$
%'
%
&
%
$
%
(
'
&
%
$
%
(
*
&
%
$
%
(
+,-
./0
1-
2' 2% $ % '
(
*
.
)
3
4
56
7!


%
$
8
3
9
:
0
8
'
!
;!
"

#$
)
&
%
$
%
'
(
&
%
$
%
'
%
&
%
$
%
'
%
&
%
$
%
(
'
&
%
$
%
(
*
&
%
$
%
(
+,-
./0
1-
2' 2% $ % '
$
'
*
)
<
%$
4
56
7!
=

%
$
%
'
:
0
8
'
!
:!
>?@ABCDEFGHIJKLMGNOPQRLSRKLQTUGVWXYLTYOZLQ[LPQOSUGROQSG\]F^G]OYTP_`OabcHd
e[ORG\GRLQGPRO\OSKPLQGSOGf F^HGPYQ[OR[GSgORGSSLOSRTPROPQSGQLTPhFRHTU
VWX YLTYO]ZLQ[GLPQOSUGROQSG\YOP]LQij
kl
TUmRn
op
Oq
or
stutm
rp
Rn
op
Oq
or
s
vutm
rp
Rn
op
Oq
or
swutm
rp
Rn
op
Oq
or
stutm
rx
Rn
op
Oq
or
syutm
rx
Rn
op
Oq
or
GPYzutm
rx
Rn
op
Oq
or
GQvmm{GPYGPI|eTU}Pnd
~

 ¡¢£
¤¥¡
¤¦¤
¦§¨©ª«ª¨¬­¦®¦
¤§¨¯ ¬°¤
¤¦¤¤¤
¦¤£
¤¦±
²³
£¤´
¦¦§µ¬
¶
²³
·
ª
¸
¹±
²³
¹º
·
ª
¸
»
¹±
²³
¹¼
½
·
ª
¸
»
¹±
²³
¹¼
¾¿
·
ª
¸
»
À
²³
ÁªÂÃ
À
²³
¤¶
²³

¼
½
¦Ä¦
¦¤¦£
§ª¨¬¶
²³
¤¥ÅÆ£Ç¤¢ÈÁ«««ªÃ
£¶
²³
´ ©Éµuª«
ÊË

Ì»
Í
ÌÊ
¤
ÂÉ«uª«
Ê»

Ì»
Í
ÌÊ
¤
ª«
ÊÎ

Ì»
Í
ÌÊ
´¡¢§¬
Ï´Á®¤ÂÁÃÃÐÈ
À
²³
Ñ
²³
Ò¦ÄÈ¤Ñ
²³

¤Ó¦
 	
 	


	 

  !"#$%&'#  #(!)#$!$) $*! + (+#!,"
-#.!/0(#!1234"5
67
8
6
9
6
:
;
<
=
<
>
8
?
1@4A8
67
1@4B@& 12C4
D!)#+#"!E + (+#!""+(F #!!G
67
&'**$#.F#!
$#!H+)#$F+!$) $*/!H (!I(! #)$*F+
)8
?
J 8
67
&K()!E$+#-$G
67
1@
L
4%!#"!!/ !H + (+/$
!+M +M#$!(F$ +M,$E)#$"$/#/*)#$F+F*$!/$
#!/+!#!N #!!G
67
1@
L
4&O!EF*$# /($)#$0(#!12P4,"
 !$!)#$F0(#!12C4#
Q:8
6
R19
ST
U@
VW
4UX
Y
G
67
@
VW
A5
Z
1@
L
4U5
Z
1@
[
4\]
67
1@
L
4& 12^4
_]
67
1@
L
4"#H!/E!!F*+  #$$+#!#)9
ST
!/@
L
&'#+(#!)#$
]
67
:Q !H+M + (+/!(F$ +M&D!(**+F!$M!)#$F#!F*+
F*+F!#!)#$`a !H)#(!/&
bE($c1H4/*+M819
ST
4#)dDe/#/"!fg'#)c!F)#$-$+G
67
-+(&h$!+/#*!E"#-+(#)@
[
:Qi2cj,"  #$$*#!/#
 $E $$$ #! !$#!#)2ick2Q
lY
 F
mY
&'"#$F$%H+)($$**$!&
b$,F!F(F#)819
ST
4)#E$-#+E$*/!M! $&
n #!/,$##)F!F+#F.F+-+(#)8/$#*"! $!EG
67
&_
G
67
:2k2Q
lY
 F
mY
j
ml
,/o$! #/+ ($-$+-F+&g!
#$!/,"G
67
:pk2Q
lq
 F
mY
j
ml
,F!F(F$/+M!&
D!//#!, $E $$$ #! !$#!" + (+/!rE($c1 4&s+
/- .HFt9
ST
:Q&'!# ))#$.F*+!(+#$
 $E#$#$!I(!  (!#!Nu$#IH!/-#+E1 #!c4&s**$!+M,
o - * ! $/( /"! $!E!$) $*/!M&_G
67
:
2k2Q
lY
 F
mY
j
ml
9
ST
:U3j, $E $$$ #! !$#!#)vivk2Q
lY
 F
mY
 !
H$ /"+"pk2Q
lq
 F
mY
j
ml
,#!+Mt:piCk2Q
lY
 F
mY
#H!/&'
 #$$*#!/#/E$#)o - * ! HM) #$#)3&p&b($$F#$,
*#) ($-H #F!#!N+!$)#$E-+(#)G
67
&'!E##/E$F!
".*$F!+#H$-#!#)'%w23x&
yz{|}~}|~}
s!#$#($ #)!#!N/+H-#$#)eDn!/dDe /#/$F#H+#$r./
 $E!!(+#$!/"#$%)(! #!/o$! H"!F++ $#/!/
E$*!&'o $"+(//!/(!/$##/)#$ #!-!#!+eDn/#/&
'MF!+MF* IH!/-#+E&'IH!/-#+E9

H" 
!/#H**+/##H!IH!/ #!/#!!F #!/( #$"!($) 
*#!+0(+H(+%*#!+&_+$!#H(+%!3F$+,"+$/M
/r!/$)$! *#!+@
[
!F+$F!!$&h! )#$E$*!9


-#+E!/#H**+/#-@
L
:@
[
!/(@
VW
:Q&D!#$"#$/
 	
 	


	 


 !
"#$
%&

&
'
(
)
*
"
+
,

-
.
$

./ !
"0$

/ !
"1$

 !
"2$
%3 %   3
%4
%&

&
4
5
67
"8$
9
-
.
'
-
.
(
)
*
"
.

.
&
0
!
-
&
$

./ !
":$
%&  &
5
67
"8$

/ !
";$
%. %</  </ .
5
67
"8$
= = 3= >=
?@ABCDEFGHIJKLJMLKNIOPHIINQKLJRISJTIUNRVWXKYHIUINXKUPTPNRXPZTNHKU[\G
RV]K^_U` a]J^b_U` KUO]I^cddU` KNPIeIXKLNI` YIXKNMXIP]PRLTOXIOLTUIcfaPRLTO
gLMILTUIcddfaPRLTOgLKJhLTUIiddfKUOOKPHIOgLKJhLTUIjddf^aKJJRXOTUWLkNHI
TUeIXPIPHIINQKLJRISJTIUNl]g^ _U` a]O^ b_U` KUO]V^cddU` m
n
op
qrstuvwxsyzusw{uy||xqu}sw~uytstuqqsqyx}w|qzwstuwvu~u}z~y|tuu
rtuusqststysqq}qsqr|wrrq{xuswrustuyx~uy}uxwws~q{sqwrsw
n
op
}ur~q{u}w~uy|xu{uw~t~w}u~yrqyxstuys{y}vwxsyzu
yusryrtqsqstus~yru~ty~ysu~qrsqy}qrwsuxwwruxyss~q{su}sw}w|qz{
stuwq}u
 ¡¢£
¤z~y|tuu¥¦§}uvquw|~qrurwst~uusu~qyxr¨sturw~uy}stu}~yqtqt
y~u}q~usxwusu}qststuz~y|tuuxyu~y}stuzysutqtws~wxrstuty~zu
y~~qu~wus~ysqwvqyn
©ª
«uvqurqstw~usu~qyxrrtyr¬yx{y~rw~vy
}u~­ysursrs~s~ury~uqy||xqy{xuw~~uyxtqzt~u®u}uvqur{sstuy~u
ruxw~stuty~ysu~qysqwwstuu|xwu}z~y|tuuqrxysw~usyxrsy§tu
|u~qsswuyr~usturtuus~urqrsyu¯
°±
y}sturtuus¬yxwu²qus¯
³°±

§turtuus¬yxwu²qusqrsqztsxwusu}qststuuxus~wy}twxu
 	
 	


	 

 !"#$
%
&'(
)*

+
,-.
/
0
1,2.03
/
143
5!6*67 89 !: ! ;.6 !<68 ;68=>!8!?@
A
B@
(
C
D: E6*)!9==8?F9;G56!6!9!:; :=5!6HE!=9"II$C
D69 J<9!=E8!!?G55!8F9.)!6<85!:CK6!9 99F=E!!9
: 8?FG>F<6 8F8 !<6967 8L!!!9MF9!N; 9 N9
 EEH!= !"$COPF !14369!=E8!N9
%
&'(
)

+
,-0
1,203
/
)
Q
R
1+S3
/
C 1T3
U666 :;9!?Q
R
 ;6 ! !S5 8 ;?E9;
!N:FI 9<F!<69F< E! 8C
V95J565= E6 EE8!;W8 :69F< E! 8G!!9!W! 8
 8F8 6%
&'(
;E;X
YZ
CD!:F9[9659%
&'(
 ;!9!W9%
\]
&'(
 
9W 89=E F91^ )_` G_aa` G[aa`  ;4aa` 3<;W!95!6ObK<c=G
c= ;_aa=CK6!!! 8;E!:5 99d6 !9e
f
)aCg 6h! 
E!G6<9= 8W 8F9<X
YZ
G%
\]
&'(
;!W:9> F9Q
R
>=99= 8 ;999
dCb8?!68!=!<^ )aG6W 8F<%
\]
&'(
 6 :F 8!?!9dCD
EFE9<8 !?G6E89<6FW9<^ )_`  8?;!9E8 ?;!6= :!N
!9!N:F[Ci!5 F9!:.)G69F8!:FW9 E!9?==!C
j6<85!:G55!88?;!9F996E9!!W EE8!;W8 : :G6F9<6
89 9= M!?6 : !9C
hF6E8<%
\]
&'(
 6 :F 8!?G6FWH6!>!9 8 8= H!=F=
196 5!N:F[1>3G[1;3 ;[1<33CK6W 8F<6= H!=F=;9
;E;6!9F8 ObKG>F C^K6!9!9>W!F98?6 9> F9%
\]
&'(
1e
'
3
!9 <F!<69F< E! 8 ;!9= H!=F= W 8F;E;98?6
=E FCgF=! 8 8F8 !9W 86<85!:8 !96!E<6 >98F
= H!=F=W 8Fk
Q
l
)
m
m
m
= H
n
o
pf
%
\]
&'(
1e
'
3
m
m
m
)q44_r+S
f
1Ia3
5!66!!9!6 : ! !S
f
:!W!PF !1c3CK6!9= J9!
W? 9?N;6!!9!6 : ! !<== 9F;%
\]
&'(
;  C
V 68 :9F< E! 89e
'
G66 :;9!?sQ
R
st+SC7G5 
5!!6N9 EEH!= !
%
\]
&'(
tu
Av
r1X
YZ
-X
fwx
3C 1I3
gG6 X
fwx
1X
fwy
<689 9= M!?6 : !9G9E!W8?3!9
99 !8?69E;!:W8 :<6 :F 8!?C
D 6!J!9F8 5!6 ObK<_aa=G6 8 E ! !9 8?9 
 ;9PF8?68!  EEH!= !PF !1I3<6!W97 8L!
68;9 85=E F9W!F 8?!6<F8 : 9 >9!N:F[1>3CV
6!:6=E F9G6= :!F;<68 8= H!=F=<%
\]
&'(
! 99 ;X
f
96!<9
 	
 	


	 

 !"#$$"%&'() ***" +,-
./0
#'%1*"'*'*"21"*324%"
567(89 #2"&'#:#%  *%''4;<";*"! &"%#3(=*
!# !!%4"%">#&#'' !%3+2 +  *2"&" ++;%# ':#*
# ;"'# !2"&(
8%*&!**"%;"2";#" ;1"?@A'&;&:#*" B)=1C #'1"1
4# !; '" ,*%# ""22>#"# 1-
DE
./0
9''&2#'# !%3:%1%"!"22%#+
$%"!'F'9!&GF1HH(I";*"! &"%#3*"%;"2";#" ;#' #;"4%3
+&;+" +"2%""&#'1+1$3'"%2"&'(=*#' "#%'*"# *
%# ""22>#"# J
KLM
 :4;'2'##$(@ "'##%""  "'1" B)=1
N77 ,J
KLM
'*#1''"%$"%&':#*# ;"'# !2"&" +;" $ 4;
 !"#$(=*'9 +"#%';"  4++&;+1*'*O"%;P;# F9!&
GF1HH#'%1(=*'*"2#''##%"*"19!&GF"H() %3*$%"!" !" +*
2'## '1*">#"#';*" !+14$#&'"' '(
8 B)=1C #';* %!#;"%3;*"% !# !" +1 *#;Q# '&%"# !%"3'
"&'+(R;2"#' ,-
DE
./0
" +-
./0
1" B)=1C "'*: # 9!&
GF;H" +GF+H(=*"#'*S&#$"% *#;Q ''1" 8%
T
)
U
%"3:#*""%*#;Q ''
1"22>#"%3NC (=*2%""&# -
DE
./0
1$3'"%2"&'#'*%''
2 & ;+" +J
KLM
#''"%,4&'#%2'##$"2"&(
@ '&"31"%?@A +#+'2' +# 9!&G, ;" '"3*"*
2"&;"&''"'*#11J
KLM
'"%$"%&',:*"'" # ;"'+# '&%"
;"2";#" ;,#((,"'"%B)=,'*#1'J
KLM
*#!*$"%&'(=*">#"%$"%&1
-
./0
" +*$"%&1*%;"%">#&1-
DE
./0
+2 +' %3 *2"&" +
  *# '&%";"2";#" ;(
) #''# !#''&# *2$#&'+#';&''# #'*2' ;1'2"#"%;*"!
# *! ##'FVW@H9'4'$+43';"  # !&  %# !#;';23XCY(=*'
;" 4;"&'+43#22%'XG,Z,[Y,;*"!+#2&##'X\,N7Y43]&;&"# # 
*# '&%"*#;Q ''(=*'*"21*VW@+#'#4&# #',*:$, Q : " +
+2 +' *2;''# !+"#%'1*+$#;(^ *&XY,1# '" ;,"''&+"
;" !&%"1& ;# '#2%#13*;"%;&%"# '(
=*S&"%#"#$; 'S& ;',*:$,;" 4"'#%3& +'+(8567,"?@A
+#+:#*# *! &';*"!+#'#4&# :#%4;2#'+1""':#*>;''
%; '" +""':#*>;''*%',$ " ;*"! &"%#3F_
`
67H(=*#'
'&%'# ";*"!;"#; ; "# ab67,$3'##%":*"*"22 ':* *
2"&#'# ;"'+(@ ++,*"'& '1I"!"'*#XNY'*:*"
1*#+$#;'*+#c #"%!"2* d;*"  %;"2";#" ;e#'*"+%3+2 +  
*2"&,2'&"4%3+&VW@(
=*1:22'&'*:%d& +'+2"&+2 + ;1?@A
+#+'+';#4VW@(=*S&#$"% 2"&5
fg
#'* *2"&":*#;*
*'2;#9;+$#;:&%+$"%*'"'*O"%;P;# # *"4' ;1VW@(@ 
* >';# ,::#%'*:*"##'2''#4%+%-
./0
:#**""22";*(
ehijklikljmknopmkmlqrilsilituvwsitilmunxiyointlsnllsinylqnopjzitikljno{tn|siki}
ysnkkioyn|nyjlnkyipjzitr~tmulsijkltjkrjyvwjkiqnljmk
 	
 	


	 




 
!"
#
$
%

%
&
'
$
%

%
&
%
$
%
%
#
&
$
%

%
#
(
$
%

%
#
)*+,"-
#.
/0&  0& 0( 0' 01 %
/#
/&
/%

%
 
23
456
7
8
%
9
8
%
:
;
<
4
%

%
&
=
-
8
&
6
>?@ABCDEFGHIJKHLMHMGHHNOPQRSHTRIHJNUSLPVISVHWINGPJXYFSUZJ[PN
LSS[NH[\HLPN]LHWINGIJNHLUPRHNLP\MVHJMINIHMSU^ R[
_
H`
a
bcdc^
a_
R[
_
H`
a
b
edc^
a_
R[
_
H`
a
bfdc^
a_
R[
_
H`
a
bcdc^
ag
R[
_
H`
a
bhdc^
ag
R[
_
H`
a
PJV
idc^
ag
R[
_
H`
a
j
klmnopqrstlspqnlsusnvlqswnuxyuumwznu{q|nlsmr}txmsrtpunl~ymlxms{mu{mms
tvxqmxnmlsns{mytsnql|mtvrmtw{tmwmoqlusrtsmw{q|sqlwtsmro
}qr



nls{mprmumlxmq}nlsmr}txmsrtpuqlumymlsvznsnuusrtn{s}qr|trwsq
xtvxyvtsms{mu{mmstvxqmxnmlslyrmz


nuwnupvtmw}qrummrtv

tst
smopmrtsyrmq}}qrtwmnxm|ns{tlkq}loutvrmtwomlsnqlmwz 
¡
qlv
wmpmlwuqls{msmopmrtsyrmtlwuptsntvx{trmnl{qoqmlmnsnmuz{mlxmnsnunlwmpmlwmls
q}s{mnlsmr}txmsrtpwmluns¢ymsqs{mrmwyxmwm£mxsnmxtptxnstlxmnls{mprmumlxmq}
nlsmr}txmsrtpuzs{mxyrmuq}


trm¤rqtwmlmwlsmrmusnlvzs{mt¤uqvysmtvymuq}

¥
trmnlxrmtumw|ns{vtrmr

ztvs{qy{s{mrmvtsnmtrntsnqlnls{msqstvxtptxnstlxm
ummyrmnurmwyxmw{mtvymq}
¥
nuznltv}qyrxtumuprmumlsmwnlyrmzvtrmr
s{mls{mpqunsnqlq}s{mvqxtvot¦noyoq}


{nununlxqlsrtussqtwmxrmtumnls{m
nluyvtsqrxtptxnstlxmz|{nx{|qyvwunonvtrvrmwyxms{mm£mxsnmxtptxnstlxm
§¨ ©ªª«¬­®¯¬°±
{mprqxmwyrmwmuxrn¤mwt¤qm}qrs{mxtvxyvtsnqlq}s{mu{mmstvxqmxnmlsxtl¤m
ysnvn²mwtutssnl}ylxsnqlsqoqwmvm¦pmrnomlstv

wtstmrm|mwmoqlusrtsms{nu
qls{m¤tunuq}tvrmtwpy¤vnu{mwu{mmstvxqmxnmlsomtuyrmomlsu³´µ{m¶·
smuswmnxm|tuotwm|ns{ytun¸}rmmustlwnlrtp{mlmql¹¸ºnuyr}txmyunl
tlqonltv¹los{nx»unvnxqllnsrnwmvotus{msqptsmotsmrntvns{twnmvmxsrnx
xqlustlsq}¹ztlkq}´lo|tutx{nmmw
·nyrm¼twnupvtus{momtuyrmwwtstq}s{tswmnxmtlwtssnlxyrm{m
s|tuxtvxyvtsmw¤s{ms|q¸usmpprqxmwyrmm¦pvtnlmwnlumxsnqlyunlmytsnql
 	
 	


	 


 !
 "

 "
 !
#
$
%
&

'
(
)
*
+

,
 -
 +

.
%

/

012,34567879:
$84567879:
;
" -  -

"
!
+-
<
=>
/
?
5
6
7
8
7
9
:

;
4
-
@
/
%

A
A
BC
D
EFB
3
" -  -

+
-
G
"
<
=>
/
A

H
,
B
C
D
E
F
B

+

+
-
;
4
*
-

6
I" I-  -
I"
I-

-
<
=>
F
J
+
#
J
+
$
%
&

+

+
-
;
4
J
-

KLMNOPQRSTUVWTXYZW[X\WW]^ T_ a`Wb` cWd]ae]afgT]W[Wfc]ThcT_gZTf\WdWadicj
klm]WX]X]ZY`]YZWSZW[ c`Z`_WXUnopqTd[]\W a`ZZWXfad[cdgr
stu
v]]cdg Y`ZwWSx_YW
_cdWUyzdXW]SxU{m\WcdwWZXWX\WW]^ T_ a`Wb` cWd]|}WTXYZW}Wd]SZW[[TX\W[_cdWUTd[
]\Wv]]cdg` YZwWSx_YWXa_c[_cdWUyS`Uja}fTZcXadae]\W^ T_Td[]\W~ZY[W}axc_c]
T`_`Y_T]W[c]\WYT]cadSppUTd[SpoUyS[Um\WXYZeT`Wfa]Wd]cT_Td[SWU]\W`\TZgW
T`ZZcWZ`ad`Wd]ZT]cadTd[]\WdW]`\TZgW[WdXc]TXTeYd`]cadae]\WgT]Wwa_]TgWy


 
¡
¢£¤¥¦§
©¨
¢
¥ª«¤
¬­

®¯
¦
®¬
°±
²³
¢´´ µ´
¶
¡
¢¥«¤
¬¬

®¯

·¸¹º
»¼½¾¿À
°±
²³
¢ ´Áµ
¤µº¼Â
ÃÃÄ
¡ÅÆ

Ç°
¸
Ä
ÈÉ
Ê
¼¾À
Ë
Ì
¢
Í
Í
Í
Î
ÌÏÐ
Î
ÏÐ
Í
Í
Í
¿¿
 	
 	


	 



 !"#$


 %&'$
(!' (#' ' #' !'
(!
(#
'
#
!
)
*+
,-.
/
0
1
2
,
3
4
5
6
7
.
89:;<=>?@ABCABBDEFGHIBJHKBLDIMNFHOPQFDBRSBTMIGKFDBRQUFVABLBWBFCXUBR
NYZAX[\]^ _`` aFDDBWVBUFDXUBCIMbcdeFLRfghei@ABHIUUBCVILRKLQGKLBCFUB
HFGHXGFDBRXCKLQDABBjXKkFGBLDDBWVBUFDXUBWIRBGi
lmnonopqoppnrpqmqnstupv
wx
yzns{q|nop}rz~p|ym{mnloptlpssmtsqqzp
x






v
wx

 
|no|ym{mnmpqsrpu|srp~mtzrpupsruosrptpznrs{mnnops{|ym{mn
ypu|pqqs{~zpn|noppr|ur|qqmt|v
wx
loprpsqnop}rz~p|ym{mnsr|suopq
mnqsmz|npnosnnopsmz|

st~nopmtmz|

srpt|npsun{
snnopqsp|qmnm|tmt~musnmtnosn

st~
x
srpt|npsun{pzs{|lpprnop
~mprptupmqqs{st~zqnmpqnopsr|msnm|t
 ¡¢£¤¥¦§¨ ©¦ª«¦¬¤¨¡¬¦
­oppzms{ptnnpprsnzrpustqprpsqspsqzrp|nop®¯°st~ustypzqp~n|~mrpun{
u|srpnl|~pmupqpsqzrp~snnopqspnpprsnzrp­|pnrsunnopmt±zptup|
nopsunzs{npprsnzrpnopnpprsnzrp~ppt~ptns{~sns|²oz³´lprp
sts{p~mtnopqsplssq~pqurmp~mtqpunm|tµ­opzqp~p|{msnp~rsoptp|t
®m¶
·
®¸mlmnost|m~pnomu¹tpqq|º»»t­oppsqzrp~st~nopu|rrpq|t~mtnnp~
v
wx
|r¼
½¾¿
ÀÁÂst~»Âsrpqo|ltmtzrpÃloprp¼
½¾¿
~pt|npqnopsunzs{
npprsnzrpmtu|tnrsqnn|¼
Ä
Å|rs{npprsnzrpqÆ
ÇÈ
»st~stÉ¶­|t
lsqzqp~
­oprpqz{nq|noppzms{ptnnpprsnzrpqsrpqo|ltmtzrp» ­oprqn
m|rnstnrpqz{nmqnop|prs{qs{pr¼
Ä
u|srp~n|nopm|tpprmtl|r¹|||qp{|
³´|zrpsrqyp|rp²ozstsp~n|rp~zup~nop®¯°y|rpnosts
sun|r|­oppzms{ptnnpprsnzrpmqt|n|t{uszqp~ynop®¯°zrp»qo|lq
su{psr~ppt~ptu|t¼
½¾¿
Êt~prnopsqqznm|t|srpunstz{sr®¯°~mqnrmyznm|t
 	
 	


	 






 !
"

#$%&
'(')*
 !



 !
"

#$%&
+ )++ ++ ,++
)++
++
,++
-++

#$%&
./0

$
1
.
/
0
234567 89: ;<=>?@AB<C<DEFG?HEI?JEG=>G@?EI@GK
LMNO
?CPEFGGQIAR?JGCE
EG=>G@?EI@GK
MS
<TE?ACGPTUEFGGR?JI?EA<C<DEFGV?J=G?BI@G=GCEB<DWFIXYZ[
\]]^_ F`GBF?PGP?@G?ABaARGCTUK
MS
H?JHIJ?EGPbAEFEFG=?cA=I=?CP=ACA=I=
R?JIGB<Dd
efg
IBACaGQI?EA<Chijk?CPhlk_
mnopqmrpqspttnurvoturrportwqtoqmrumpwqtuqxotuytzyumo{x|}~






















noropsmnop{mnwmno{psmrpxzmpwqnpswrzyuwmpumosmno{usno{mmpqv
ypqopqvzronoro






 ¡¢



£
uso¤yw|o{mwroyumo

pmn

nomor
 ¡¢
{oqwmosmnotw¤wqoqmw

mnum
psswyoy|pq{zto{x|¥¦§¨ npyoo©zumpwq£roªotms©zuypmumpoy|mnoroyumpwqsnp¤or|
oyxommorroszymsurowxmupqo{pmnmnonozrpsmptwrzyu




«



 ¡¢



¬«¬
 ¡¢

{ps¤yu|o{usswyp{ro{ypqopqvzropmnuquyzow«­®¯ouszrooqmsw
{optospmn{p°oroqm
 ¡¢
wzy{xoqotossur|mw±z{vouxwzmmnovoqoruyu¤¤yptuxpypm|
wo©zumpwq
²³´ µ¶·¸¹º»µ¶
¨onuo¤rosoqmo{uomnw{mwtuytzyumomnoszruto¤wmoqmpuywvru¤noqousuzqtmpwq
wmnou¤¤ypo{vumowymuvomu¼pqvqpmomo¤orumzrospqmwuttwzqm¨ npyomnotuytzyumpwq
nuomwxo¤orwro{qzorptuy|pmus¤wsspxyomwuwp{uq|zrmnoru¤¤rw½pumpwq
¾qtomnoszruto¤wmoqmpuypstw¤zmo{uq|p¤wrmuqm©zuqmpmposxotwouttosspxyo
sztnusmnotnurvoturrportwqtoqmrumpwqmnosnoom¿uytwoÀtpoqmuq{mnomwmuy{opto
tu¤utpmuqtouyusuzqtmpwqwmnovumowymuvono¤rosoqmo{omnw{tuqxoo½moq{o{
mwuttwzqmwrpqmorutomru¤snpsus{owqsmrumo{zmpypÁpqvutwqsmuqmpqmorutomru¤
 	
 	


	 

 !"#$ %!&' (%)*+(,+*-
./
'%#$%)+0%  0(%)'%#1%)$% "
,%! #%%)! '%)!+($,('%)!2
3 %)'$++* 40% 1+) %0& 1(4 5%)'+6' 
7&)% 40(%)*+(, +*8
9:
;<=
>?
@A
B% 4,&%' +* ,&(% $("$)% +(
'%&%' %'% (*%' (%&2C4%#) 4 (,% ++* 4 (''4%(0
'%((('+' (% +D 4+$ 6'$) %)0#(%2E 4% D%!D'+$)+# % 4 (*%'
 (%& !% 4F($,+#) !2
G$( 4(,+(D&(+&+ +$ )H 4 ,&(% $(&'+* 44 
5%)'+6'  + %I&% %)'4%(04+,+0  +%''+$ #! (+$'0 4
J$1%)  ,&(% $(2C4D%,+ (% + 4#%+*%' $%),%$(5%)
% %2
KLMNOPQRSTURNVW
C4%$ 4+( 4%IXY$(0Z "[+ 4%([!"%3)7%(CH%)'4$I*+(
'$+2C4(%('4)%0 + 4($) 4%('1&%( %)*$0*(+,
 4\$(+&%]+ ^1 4G(%,D+(I_(+0(%,,$(0(% %0(, 
`
abcad
	%0(% %0(, 
`
efghd
"%*(+,  4
i(,%Z%('4G+$% +>FGiBD 4&(+j' ^\fckl2
mRnRoRNLRW
pqrstutvwxtuyz{|w}~y{tttuz{}{{ttvz{|}t}wu
}vtuxw}wxww}t~}x}tx~v ¡¢¢¢£¢¢¤
prz¥}wq|¦wwv}vtv§¨©ª«§¨¬©­¬®¯°±²£¤¢
p³rtt{´ }v{µ{¶t{|}w´ {´ ~¦wx·{w}|{¸ wwvt{}x¹{
wvº¶»{´|v¼}x¤¦}½}xº¦ww»wxºwwv}vtvt
z}º¾w¢µºz}´ vvwv¿ÀÀÀÀ®©«¬ÁÂÃ©¯  ¢Ä
prÅ}{}~}¼t¦txtv´ {w¼}vy{~w{´ }µ{|}xut}v·q
qº|µv}vtv¾t~¥¾wºvxww¦}½}x¦wwÆÇ¢¢
pÄr¶{w¼}vy{xwvº|}{~w¹{{¹tx{}~}¼t¦txtv´ {
¶{È}{ut}v·Å}qzwºt¾ºwº¦ww}º¾wÉwwxwt}v
§¨¬Ã©¯ ÊÆ³¢£³¢²
p¢r|t{t»{´ ¼t·z{Åtwts{·x~w{µ{»{µ¼}vt{y{
´wvvxw{¹ww´ wµww¶ q³»wt~½}~~tv}x}t¾wÉw} º´¾w
w¦}½}x¦wwv}vtv§¨¬Ã©¯ Ê¤£¤²
p²rzwzq¤±qË­ÌÍÍ¬ÎÏ¬Ðª©¬«ÁÂÍÑt¶}xwztvÑ¶ÒÒ
p±rztwy¢Ï¬Ðª©¬«Ó ©¨«¨®¨ÐÁÂÔ­¨«¨©«Õ¨©¬Ñ¶}xwº·wvvÒ
p¤r¸ {yt{È}µw²´ }wv}v}vÉ~¦}wt¾¦ww
vwwv}tvÖ××®¯Ë­ÌÍ¯Ã©¯ ØÊ¤q¤
pqr»}vw}{¶{z¦w¼{Ùvxw{ÅwÅzwxw¸ q ´w}v}vt¾vtx}t
wwxwwv}vtvtwv}vt¾w¦}½}x¦wwtv}x}t}wÚ¯Ë­ÌÍ¯ÁÛ
Ö××®¯Ë­ÌÍ¯Ü³Ä³³
pqqr¶{·www}tv{w} ut}v·¤ ´}wvw}{~t}x}}wv{
wxwtv}¦tw}x}~ttxw{}xw{}xw¦wwË­ÌÍ¯ÝÂ¯Þß Ñ³Ò³Ä
pqr¸ ¼vwy{¸ wz{zv¼}z{µ}}tµ¼}y q~¦t¾¦wwÉ~
¦}wtv¦tv¦wtvt¦Ë­ÌÍ¯ÝÂ¯Þß¡q¢Ä³Ä
 	
 	


	 

 !"#$%&'()%)*+(,-.%/01"23'04%5"367'(897 :'!85;<==>?+!! (@A'@+!'@"*(
"(0 !*BC'(8,':%@*:B,'@ 8,!':7 ( D 28B E #@@!'(A"A@*!AFGHIJKFGLMHKNOLMPQRSTUVSTW
UX7" 2 9-%9#7' Y !Z-'(89#7[" !0.<==*8 2"(,*Y,!':7 ( 3 @'2B*\"8 BA 3"#*(8+#@*!
D 28B E #@@!'(A"A@*!A["@7,':2 AA2'!, B'! ',!':7 ( #7'(( 2A]Q^ __PQ` OabQcde=WUT=T
T?7'3:2'"(Zf<=-D!A@:!"(#":2 A@7 *! @"#'2 \'3"('@"*(*Y,!':7 ( BC'A 8D 28 E #@
@!'(A"A@*!A]Q^ __PQ` OabQcdg=>UTT
S?'A@!*h @*-&%6 ! Ahi%h*j*A 2*j59'(8f "3-5<==WX7  2 #@!*("#:!*: !@" A*Y
,!':7 ( kKlQmMnQ` OabQoc=WVS<
p&['(,q'(8r'A9'!3'9<==W9#!  ("(,B"(8+# 8@ 3: !'@+! B8 : (8 (@@!'(A:*!@"(@[*B
8"3 (A"*('2,!':7 ( ` OabQkKlQsegSTU=U
>/7@'X%4*A@["#t-%#?7 A( 1Z%9 12 !X7%&*!(5'(8i*@ (C !,q<==p$(@ !2'1 !"(@ !'#@"*(
'(8 2 #@!*("#A#!  ("(,"(3+2@"2'1 !,!':7 ( "(j A@",'@ 8["@7'(,2 B! A*2j 8:7*@* 3"AA"*(
A: #@!*A#*:1 O`abQkKlQuKHQgov<=w<=S>=<
Wx',( !X%5y*72 !r%"28 6'(8q(,;<=6!*C"(,@7 2*#'2A+!Y'# :*@ (@"'2'(8z+'(@+3
#':'#"@'(# "(A"(,2 '(83+2@"B2'1 !,!':7 ( ^ __PQ` OabQuKHQcdR=<=<
<={"'Z%?7 (.%;"Z'(8X'*h<==W 'A+! 3 (@*Y@7 z+'(@+3#':'#"@'(# *Y,!':7 ( FGHIJK
FGLMHKNOLMPQ|T=TVT=W
<h*j*A 2*j59%f "3-5%*!*0*j9}%Z"'(,r%5'@A( 2A*($%f!",*!" j'$}%r+C*(*A9}
'(8."!A*j--<==TX[*B8"3 (A"*('2,'A*Y3'AA2 AAr"!'#Y !3"*(A"(,!':7 ( FGHIJK|Ro
WpV<==
<<~7'(,)%X'()x%9@*!3 !&;'(85"367<==Tq\: !"3 (@'2*CA !j'@"*(*Y@7 z+'(@+3
&'2 E #@'(84 !!1A:7'A "(,!':7 ( FGHIJK|Ro<=V<=U
<5*:12*j9%X0'2 (#7+t-%5+C'@t"(9'(8.'2t*}$<==?7'!, @!'(AY !C @[  ( :"@'\"'2
,!':7 ( '(8A"2"#*(#'!C"8 ^ __PQ` OabQuKHQge<=W
<Ur '24qW>=9@'(8'!8"0 8@ !3"(*2*,1Y*!*\"8 #7'!, A'AA*#"'@ 8["@7@7 !3'21*\"8"0 8
A"2"#*(JGLbQPKNHJMLKlQeS=SVS=>
<T'!@"(Z%-t !3'(h%2C!"#7@f%;*73'((X%93 @Z&%j*(52"@0"(,5'(8)'#*C1-<==>
/CA !j'@"*(*Y 2 #@!*(B7*2 :+882 A"(,!':7 ( +A"(,'A#'(("(,A"(,2 B 2 #@!*(@!'(A"A@*!
FGHIJK` OabQ|UUVU>
<S*!*0*j9}%h*j*A 2*j59%5'@A( 2A*($%9#7 8"(.%6*(*3'! (t*;-%Z"'(,r'(8f "3
-5<==S9@!*(,A+::! AA"*(*Y[ 't2*#'2"0'@"*("(,!':7 ( ` OabQkKlQuKHQge=S>=
<pf "3-5'(8h*j*A 2*j59<==pX7 !"A *Y,!':7 ( FGHIJKmGHKJQ>VW
<>f"C !@"("%X*3'8"(-%f+"( '.%5'@A( 2A*($'(86*2"("<=<q2 #@!*(B7*2 :+882 A"(
@7 'CA (# *Y#7'!, 8"3:+!"@" A` OabQkKlQso<=U=Tviw
<W~7'(,)%4!'!} x%f"!"@?%~ @@2- '(8?!*33"  .<==W/!","(*YA:'@"'2#7'!, 
"(7*3*, ( "@1"(,!':7 ( FGHIJK` OabQp<<Vp<S
=r A7:'(8 -%4'*x%"'*.%;'+?'(8; i*14<==W9:'@"'21! A*2j 8A: #@!*A#*:1*Y
3*(*2'1 !,!':7 ( *(9"/

O`abQkKlQseg<=TU
h','A7"*5%h"A7"3+!'X'(8X*!"+3"-<=qA@"3'@"*(*Y! A"8+'2#'!!" !8 (A"@1( '!@7 r"!'#
:*"(@"(,!':7 ( @7!*+,7z+'(@+3#':'#"@'(# 3 'A+! 3 (@^ __PQ` OabQuKHQcdpT=p
<x 7!Y!"@06%.!*33 .%'20 !9'(89 12 !X7<=U+'A"BY!  A@'(8"(, :"@'\"'2,!':7 ( 
@!'(A"A@*!["@7A"2"#*(("@!"8 @*:,'@ ]Q` OabQ^ __PQ` OabQ|e=T=
 	
	
				
		
			 
	
 !"#"$"%&$'()*!#+,-./) #!/).0 #1.'!#"&2"3).4 #"5,6.#/). )2# .'7"'89:,:;<=>3).4 #"5,?.'42 *
@A42#BCDEFGHIJIKLMMKNOPELIQRJDSTUEKGVQDWJXK
-).%YBYZ# [/Y\.B#!"# [!)YZ!2!24]B.#4]B.4. "2"#Y %Y'^_`aba`cY%").4Y!"#4]Y'"2 "%Y'4$B2!
\#!/$!!.\# ").42# ]2].'8-).%$ /"#Y !VKDdUEHNeKfg,UHNNQKNdUFVUfg,2 \NEIEfg/2B/$B2".
"). ."/)2'[.\. !#"*h
i
,")./)2'[./2'#.'/Y /. "'2"#Y j,2 \").!).."k2B/Y.%l/#. "m
k!)
,'.!]./"#1.B*,%Y'
2[#1. 12B$.Y%").!$'%2/.]Y". "#2Bn
!
8o#")").%$ /"#Y ISNpPFDdpNFGdqrsfg#"#!]Y!!#tB."Y42]").
2]]B#.\[2".1YB"2[.u
?7
"Y").!$'%2/.]Y". "#2B8v# 2B*,").%$ /"#Y NEIEdpQDfgY%.'!2l"# [%$ /"#Y ")2"
/2 t.$!.\Z#")").$!$2B^_`aba`l"# ['Y$"# .wxSVUxQDy8iY".,)YZ.1.',")2"")..'Y'!Y%").'.!$B"!,\$.
"Y").#4]B#/#"/2B/$B2"#Y Z#")xQVXzFFDI,2'. Y"!42B. Y$[)%Y'").!"2 \2'\l"# [!."# [!8-)#!/2 t.
/#'/$41. ".\t*$!# [2!YA/2B.\{|}~`{Z#")").. "'*Y%<:<:

%Y'2B]2'24.".'!8Y'.\."2#B!Y ").
%$ /"#Y 2B#"*2 \").$!2[.Y%").{|}~`{/2 t.%Y$ \# ").42 $2BY%^_`aba`8
PNHeGHNDrMFHMIIKGFXKNVeMFHMHUUKIIGKDEFXHVXIDNQUDHKHUUKIIJ
RHPPHJQV4
=
.
=
RMKGJ  T¡KMKUDNFVUEHNeK¢QV£!
¤fDg PQ¥ 
¦
QVDKeNHMpNFGDFHIfDgFppKNGQdNKIQXQSGfHg
HIQV§Jf¨g
©ªDEK¤fDg
«¬­®¯ D
¬¯ª¬ PQ¥ 
¦
¤VDKeNHDK°fpKNGQdNKIQXQSG±±HIfDg±g
¯²
MVf³K´PfTHgg
©ªpKNGQdNKIQXQSGfHg
«¬­®¯ H
¬¯ª¬MVf³K´PfTHgg
¯²
QVDNQVIQUUEHNeKUHNNQKNUFVUKVDNHDQFVj
:
QVSVQDIFp4
=
HIQV§Jfg
 Rµ¶DEKDKGPKNHDSNKQV.
©ªQVDNQVIQUdUfRµg
«¬­®¯ Rµ
¬¯ª¬PQ¥ 
¦
RHPPH
¦
Rµ¥ 
¯²
DEKVKDUEHNeKXKVIQDLh
·
QV4
=
HIQV§Jfg
 ISNpP¶ISNpHUKPFDKVDQHMn
I
QV.
 Rµ¶DEKDKGPKNHDSNKQV.
©ªVKDdUEHNeKfISNpP±Rµg
«¬­®¯ ISNpP±Rµ
«¬­®¯ NKISMDJ¸
¦
RHPPH
¦
ISNpP¥ 
©fRµ¹JgKXFVFDHVDDFXKQXKL
 	
							
 !"#$%&'#&' &()(*+,-
.
#/0* !123+,-
45678
94:;95+<"=
.
 &>'* !12-
.
 !"#
456
33#/(/?>(?&(@'('#?#&@'&'A
B
33? &'<CD*E-
33  !12F !1?(2@#'#&?"G
 
&'HI
33 +,F#/#=2?#!&'HI
8;5J:7K5(?&)(@'(* !12L+,-
MN97NOP4 !12L+,
94:;95&'#&' &()(*+,-$QDE
.
+R?22?
.
 !12ST
456
33#/ /#/?""(@' #?'#U
V /
&'WX
BY
33? &'<CD*Z[-
33  !12F !1?(2@#'#&?"G
 
&'HI
33 +,F#/#=2?#!&'HI
8;5J:7K5/ /* !12L+,-
MN97NOP4 !12L+,
94:;95'#)(/?>* !12L+,-3*+<"=
.
(?&)(@'(* !12L+,--ST
456
33(?2?(&#?'(2!'&#??@1#/&' !"?#@&'!'&# @1\A
B
33 @#F,/<],&'!'&# @1A
8;5J:7K5(?2)&' !"?#@*@#-
MN97NOP4@#
94:;95 D^^E_<`ZT
.
aD[3@#
456
33#/1!'(#&@'
&#
? b1&'b&'<CD*Zc-
33 2dF#/2??=#d?e
33  !12F !1?(2@#'#&?"G
 
&'HI
8;5J:7K5 !12@#)1@=)fgh)i@1!'(*2dL !12-
jNM42d
kN97NOP4 !12
MN97NOP4+,%2dlQm
MN97NOP4n&%2dlZm
MN97NOP4fgh%2dlTm
MN97NOP4&'&2%2dlam
MN97NOP4n&#%2dl_m
MN97NOP4f(/%&'&2` !12
33#/&  /@!"boi@
94:;95n&
.
*fgh`f(/-`n&#
.
f(/$'#)(/?>* !12L+,-`'#)(/?>*&'&2L+,-
456
33#/ !1?(2@#'#&?"G
 
&'!'&# @1I ? 1!'(#&@'@1#/>?#e@"#?>p
gh
33 fghF#/?22"&b>?#e@"#?>p
gh
&'I
33 +,F#/#=2?#!&'HI
33 @#F#/<],&'A
33 &'&2F#/&'&#&?" !1?(2@#'#&?"G
q
&'I
33 b&#F#/&'#1?(#?2b' &#rs
&#
&'A
B
tHI
8;5J:7K5 !12@#)1@=)fgh*fghL+,L@#L&'&2Lb&#-
kN97NOP4fghL+,L@#L&'&2Lb&#
=?+3uv<<3w%E#=22d
#=22dlQm%+,
#=22dlZm%(?2)&' !"?#@*@#-
 	
							
  !"#$%&'(
  !")$%*+* 
  !",$%-*
.
/012
3342562782&9+-82&9669:*+;:9+;2<=*+->2:<<?@=>265:=9A2
33 <2+*916><51-B2<56*-2<=>*6:9+;2C>2=5+A*<+!*11=9*1
336*12+1DE
33@=D<59:2=9A*+; :<B126>2:2C9269+-9<:2F2:B<62!9:+*+;!<51-
33B29-F*69B12?@=D<59:2;<*+;<2G2+->2:9+;2C/22 *+*+-
33>9>21*+29:B9+-9  :<G*9*<+B2A<26!<:62=<:19:;265:=9A2
33 <2+*91F91526?
H*+-I<<63J%K78L3M%865:= <N=:<N&'(NO2:<=5+AC  !
PQRSPT&NI<<
QTU
33H*=5+A*<+=<:>26>22M911A<2==*A*2+<B2562-!*>>2@;<:V:<
33< 2:9*<+H5+AH*?W>2=5+A*<+:25:+6X
M6>
*+5+*6
33<=YZ
[\
?
33 A]A<2==*A*2+!9F2<=>2=**+; 9:922:6
33 A"^$]>22 2:95:2*+_`
33 A"8$]>20aW*+b
33 A"#$]>2*+**91 <2+*91c
d
*+`
33 A")$]>2*+2:=9A2:9 -2+6*De
*
*+b
[f
g_`
33 GF]>29  1*2-;92F<19;2*+`
hSTiRjkT:>6>N=*KACGFL]H*H5+A
lmnQAonmPjmpqQGF
nmPjmpqQ/W%A"^$
nmPjmpqQ2<%A"8$
nmPjmpqQ*+* %A"#$
nmPjmpqQ-*%A")$
33H*:6=*+->265:=9A2 <2+*91=<:>2;*F2+;92F<19;2KGFL
nmPjmpqQ65:= %65:= <N=:<N&'(KGFC/WC2<C*+* C-*L
33r+-+<!A91A5192>26>22M911A<2==*A*2+
nmPjmpqQ:2651% :>6>K65:= C/WL
PQRSPT:2651
QTU
